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Abstract—As we observe a rapid growth in cities and Urbanization has its environmental effects and 
challenges which require a very precise study, analysis and planning of urban infrastructure, hence there 
is a need for suitable urban land use land cover information, representing the urban surface features and 
land cover at a appropriate Level of study that will be helpful in the implementation of the Government 
Development Programmes and welfare Schemes. In this paper a Methodology is studies and implemented 
for generating an Urban Land Use Land Cover (LULC) using the Satellite image, vector layers (Feature 
classes) prepared based on the Survey of India (SOI) Toposheet, Google Places, etc and by applying  
various image processing techniques available with software like Erdas Imagine and ArcGIS . The 
Resultant map is generated from a Raster based LULC generated over Satellite Image with any spatial  
resolution as discussed below. 
Keywords-Land Use Land Cover (LULC); Image Processing Techniques; Satellite Image; Remote 
Sensing; Erdas Imagine. 
I. INTRODUCTION 
Around 54 percent of the world population 
currently lives in urban areas. The worldwide urban 
population has grown rapidly estimated from 746 
million in 1950 to 3.9 Billion in 2014 and is 
expected to surpass six billion by 2045, estimated to 
reach 6.47 Billion by 2050. Asia, despite its lower 
level of urbanization, is home to 53 per cent of the 
world’s urban population [26]. Persistent dynamic 
urban change processes, especially the remarkable 
worldwide expansion of urban populations and 
urbanized areas, affect natural and human systems 
at all geographic scales, and are expected to 
accelerate in the next several decades [19]. 
Worsening conditions of crowding, housing 
shortages, insufficient infrastructure, and increasing 
urban climatologically and ecological problems 
require consistent monitoring of urban regions.  
The literature review suggests that there are major 
approaches over the past decade include pixel-based 
(image classification, regression, etc.), sub-pixel 
based, object-oriented algorithms, etc. have been 
exp lored. The majority of research efforts have been 
made for mapping urban landscapes at various 
scales and on the spatial resolution requirements of 
such mapping. In contrast, there is less interest in 
Producing urban LULC by using Vector based 
layers and convert the satellite image to Raster 
LULC which matches the Exactly same as the 
Vector Land use and Land cover using some of the 
Image processing techniques. More researches are 
also needed to producing better and optimum Urban 
LULC based on the requirements for urban 
Planning & mapping. It is suggested that the 
models, methods and image analysis algorithms in 
urban remote sensing have been largely developed, 
as the advent of high spatial resolution satellite 
images, Spaceborne Hyperspectral images, and 
LiDAR data which is stimulating new research idea 
and innovations that are needed in driving the future 
research trends with new models and algorithms for 
the Urban Planning and the Land use Land cover 
assessment [23]. 
II. LITERATURE REVIEW 
In recent years, we observe that there are series of 
earth observation satellites available which provides 
abundant data at high resolutions (0.6–2.5 m;  
QuickBird, IKONOS, OrbitView, SPOT and 
ALOS) to moderate resolutions (15–30 m; ASTER, 
IRS and LANDSAT) for urban area mapping. 
Remote sensing data from these satellites have 
specific potential for detailed and accurate mapping 
of urban areas at different scales. The high 
resolution imagery provides data for monitoring 
urban infrastructures, whereas moderate resolution 
imagery can provide synoptic measures of urban 
growth, surface parameters and more [24]. A wide 
range of urban remote sensing applications from 
both sensors is available to date [[3]; [7]; [17];  
[19]]. The advances in remote sensing technologies 
and the increasing availability of high resolution 
earth observation satellite data provide great 
potential for acquiring detailed spatial information 
to identify and monitor a number of urban 
environmental problems at des irable scales [[3]; 
[19]]. The Transitions in architecture and building 
density, vegetation and intensive socioeconomic 
activities at a particular block level in cities will 
often transform the urban landscape towards 
heterogeneity [2]. Therefore, the urban environment 
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represents one of the most challenging areas for 
remote sensing analysis due to the high spatial and 
spectral diversity of surface materials [[9]; [17]].  
Despite advances in satellite imaging technology, 
computer-assisted image classification is still unable 
to produce land use and land cover maps and 
statistics with high enough accuracy [16]. Image 
analysis techniques are evolving rapidly, but many 
operational and applied remote sensing analyses 
still require extracting discrete thematic land surface 
information from satellite imagery using 
classification-based techniques [22]. Several image 
classification techniques, from automated to manual 
digitization, can be found in the literature. However, 
these have spanned a broad range of land surface 
types and sensors. Very few studies [4]; [11]; [16];  
[20]; [21]; [22] have compared different image 
classification methods with different satellite 
sensors to determine how the organization of 
information inherent to the classification scheme 
influences classification accuracy. Automated 
classification procedures of satellite imagery have 
been based mainly on multi-spectral classification 
techniques (per-pixel classifiers). These procedures 
assign a pixel to a class by considering its statistical 
similarit ies, in terms of reflectance, with respect to a 
set of classes [8]. The unsupervised classification 
approach provides an automated platform for image 
analysis, mainly based on surface reflectance and 
generally ignoring basic land cover characteristics 
(i.e., shape and size) of landforms [5]. The 
supervised classification approach can preserve the 
basic land cover characteristics through statistical 
classification techniques using a number of well 
distributed training pixels. However, the maximum 
likelihood classifier often used in supervised 
classification has been proven ineffective at 
identifying land uses at urban fringe areas due to the 
heterogeneity of urban land cover [[10]; [16]]. 
Suburban residential areas form a complex mosaic 
of trees, lawns, roofs, concrete, and asphalt 
roadways. Such a complex urban environment 
develops mixed p ixel problems, often causing 
misclassification of remote sensing images. In this 
case, the fuzzy supervised classification approach 
helps reduce mixed pixel problems in the 
heterogeneous earth surface by using a membership 
function [[27]; [29]]. However, classification 
techniques that combine more than one 
classification procedure improve remote sensing-
based mapping accuracies [16].  Considering the 
complexity of the urban landscape and the 
importance of spectral and radiometric resolution to 
land use and land cover classification accuracies, 
we discuss the benefits of approaches: 
unsupervised; supervised, GIS base classification. 
These approaches can address a wide range of 
mapping problems in urban frontiers and provide 
alternatives to improve mapping accuracies for 
urban planners [24]. The objectives of this study are 
to derive land use land cover maps  using Vector 
based LULC Classification based on the National 
Urban Information System (NUIS), later by 
applying the image processing techniques like using 
the Unsupervised Classification system for the Data 
Preparation followed by applying the Recode & fill 
techniques in Erdas Imagine Software to produce a 
Raster LULC over a given Satellite image. The 
approach in mapping urban area using QuickBird, 
Digital Globe data of the Somajiguda Ward of the 
Greater Hyderabad Municipal Corporation 
(GHMC), Region of Hyderabad city of Telangana 
state. This GHMC ward is selected as it has a mixed  
Urban Land use & Land Cover and to test this 
Methodology mapping approaches and is an 
interesting place to study remote sensing 
applications as it includes both heterogeneous and 
homogeneous anthropogenic landscape patterns.  
III. METHODOLOGY 
A. Study Area 
The area selected to test the methodology out of the 
present research covers the Somajiguda Ward of the 
GHMC region of Hyderabad City of the recently 
formed Telangana Statehood, India, which environs 
bounded by 78° 26' 43.17"- 78° 27' 56.70" East to 
17° 24' 42.34" - 17° 26' 26.28" North. Somajiguda 
Ward is located in the center of the GHMC 
Municipal Region where it’s eastern edge touching 
the Hussain Sagar Lake, Hyderabad. Hyderabad city 
is referred as the “City of Pearls”, due to the 
presence of traditional shopping bazaars historically  
famous for the pearl and diamond trading centers. 
Many of the city's traditional bazaars, 
including Laad Bazaar, Begum Bazaar and Sultan 
Bazaar, have remained open for centuries. The Musi 
River and its tributaries constitute the local river 
system of the City where as the Hussain Sagar Lake 
an artificial lake lies in the center of the city [28]. 
The Somajiguda Ward GHMC region is centrally 
located with densely populated mostly comprising 
of the mixed Residential, Commercial, Academic / 
Professional training Institute industries , 
educational institutions, Hostels , shopping malls, 
Public Health, Financial establishments, 
Recreational and Hotels, etc is The study area is 
characterized by sub-tropical climate. Temperature 
ranges from 25°C to 42°C during summer and 10°C 
to 27°C during winter. The rainfall pattern is 
monsoonal covering the period from middle of June 
to middle of October. 
The major land cover types that dominate the area 
are viz. Built-up lands, plantation, Public lands, 
Transpiration, Recreational, etc. The Existence of 
this heterogonous mixed density of Population and 
its rapid growth has caused considerable change in 
the weather patterns and rise in average 
temperatures. This has also resulted in gradual 
decrease in the Ground Water level. 
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B. Location Map 
 
Figure 1 .  Location map of the GHMC 
SomajiGuda Ward 
C. Work Flow 
 
Figure 2. A Methodology/flow chart for 
generating LULC using Satellite Image and 
Image processing Techniques  
The Work flow is divided in to 4 Phases, Phase I is 
the Data Collection Phase, Phase II is Data 
Preparation using Image Processing & GIS, Phase 
III is Application of Image Processing Techniques 
to Produce Output, and Phase IV is the Resultant 
analysis & Map Preparation. 
D. Description of the Satellite Data 
Satellite, sensor and acquisition dates for the data 
used during analysis are given in Table 1.  
E. Data Collection and Analysis 
The spatial data consisting of Survey of India 
Toposheet and satellite imagery were used after pre-
processing. Various digital image-processing 
techniques to obtain valuable informat ion related to 
study and also to identify the classes and feature. 
Using ERDAS EMAGINE 9.1 software, the data 
was loaded in the computer. Geometric rectification 
of the data was carried out with the help of Survey 
of India (SOI) Toposheet for assigning geographical 
coordinates to keep pixel of the image.  
In this classification system of land use/land cover 
different categories have been taken, because 
Remote Sensing and Geographical Information 
System (GIS) techniques give us broad tool for 
better identification. The classes which have been 
identified and different LULC Layers are created. 
TABLE 1. DESCRIPTION OF THE SATELLITE 
DATA USED 







Panchromatic 61 cm 
GSD at nadir  
Multispectral 2.44 m 





16.4 km at nadir 141 km 
Month/Year Jan 2011 Dec 
2011 
F. Classification scheme 
Classification schemes provide frameworks for 
organizing and categorizing information that can be 
extracted from image data [24]. A proper 
classification scheme includes classes that are both 
important to the study and discernible from the data 
on hand [1]. Furthermore, SOI Toposheet, field 
survey data, photographs, The QuickBird image, 
GHMC Ward maps, Google Places and documents 
were carefu lly analyzed while preparing the 
classification scheme. 
All the Transport Layer, Roads & Railway lines, 
and recreational areas are built out of ArcGIS and 
are associated with residential, facilit ies, 
Commercial areas, etc. Therefore, after analyzing 
the fieldwork information, we have decided to 
combine the roads railway lines land uses as one 
class labeled Transportation. The land use 
categories recommended by the SOI, are also 
reviewed. After analyzing these information 
sources, we decided to extract 12 types of land use 
and land cover classes as thematic informat ion from 
the image. Simultaneously the other reaming vector 
layers were also developed accordingly. 
G. Image classification 
Land cover classes are typically mapped from 
digital remotely sensed data through digital image 
classification and interpretation. The overall 
objective of the image classification procedure is to 
categorize all pixels in an image into land cover 
classes or themes [15]. In this study, approaches 
(unsupervised Classification & GIS were used for 
data Preparation and Image Processing Techniques ) 
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were used for image classification and mapping of 
the urban area. However, the land use prediction 
methods are constrained by the spatial resolution of 
satellite imagery, the mapping approach, and expert 
knowledge of the study area [25].  
H. Unsupervised classification approach 
The unsupervised classification approach is an 
automated classification method that creates a 
thematic raster layer from a remotely sensed image 
by letting the software identifies statistical patterns 
in the data without using any ground truth data 
[[13]; [15]]. Clusters are defined with a clustering 
algorithm that uses all pixels in the input image for 
analysis. After the classification is complete, the 
analyst then employs a posteriori knowledge to 
label the spectral classes into information classes. 
Initially, thirty spectral clusters were formed to 
separate the image information into a more readable 
form. The Iterative Self-Organizing Data Analysis 
Technique (ISODATA) was used to cluster the 
image pixels into groups. Many more clusters than 
actual classes (i.e., schemed class in Table below) 
were chosen because the exact number of spectral 
classes in the dataset was unknown. Some clusters 
were carefully judged using expert knowledge and 
ground reference data. Followed by labeling process 
was carried out to generate a thematic urban land 
use and land cover pre processed map. 
 
Figure 3: Applying Image Processing Techniques 
in Erdas Imagine 
It is iterative in that it repeatedly performs an entire 
classification (outputting a thematic raster layer) 
and recalculates statistics. "Self-Organizing" refers 
to the way in which it locates the clusters that are 
inherent in the data.  
The ISODATA clustering method uses the 
minimum spectral distance formula to form clusters. 
It begins with either arbitrary cluster means or 
means of an existing signature set, and each time 
the clustering repeats, the means of these clusters 
are shifted. The new cluster means are used for the 
next iteration.  
The ISODATA utility repeats the clustering of the 
image until either:  
 A maximum number of iterations has been 
performed, or  
 A maximum percentage of unchanged pixels  
have been reached between two iterations.  
The output file has a grayscale color scheme if the 
initial cluster means are arbitrary. If the init ial 
cluster means are from an existing signature set, 
then the output file uses the colors of this signature 
set. The Raster Attribute Editor is used to change 
the color schemes as seen in the above figure. 
Classify zeros: Include zeros values also in the 
classification [14]. 
I. AOI Tools and Commands used  
The AOI Tools enable us to select, create, and edit 
areas of interest (AOIs). These AOIs are often used 
as input to the Signature Editor prior to image 
classification. See Rules for Pixel Inclusion within 
Polygons for a discussion of how IMAGINE 
determines if a pixel is included within an AOI 
polygon.  
This tool palette opens when we select AOI -> 
Tools... from the Viewer menu bar, or, if the AOI 
layer is the top layer in the Viewer, when we click 
the icon in the Viewer toolbar. This tool palette 
also opens when we create an AOI layer on the 
Geospatial Light Table by clicking the icon in 
the Geospatial Tools palette.  
 To enter specific position and size parameters, 
we can press the space bar while drawing many 
AOI objects, which opens a dialog that allows us to 
enter precise coordinates and size information.  
Tools  
   Click to select, move, and resize AOI 
elements. Press the Shift key and use the pointer 
tool to select multip le elements.  
   Click to select all AOI elements that fall 
within the boundary of the rectangular marquee that 
we draw. To draw a perfect square or to Shift left 
hold when drawing [14]. 
J. Thematic Recode 
This dialog allows us to recode the raster values or 
the classes of the displayed pseudo color raster 
image by either applying the same New Value to 
one or more rows selected in the Cell Array, or by 
applying a different New Value to individual rows. 
The recoding can be undone by selecting the Raster 
Undo option.  
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This dialog opens when we select Raster > 
Recode... from the Viewer menu. It also opens 
when we click the icon on the Raster tool 
palette.  
[Cell Array]    All available attributes of the 
selected raster open in this Cell Array. The output 
values of the recode are entered in the New Value 
column.  
New Value:    Enter the new raster or class value to 
assign to rows that are selected in the Cell Array.  
The Thematic Recode will not recode a row 
to a value greater than the maximum value already 
present in the file.  
Change Selected Rows    Click to apply the New 
Value to the Cell Array.  
Rows can also be re-coded in the New Value 
column in the Cell Array by clicking on the value to 
be changed and entering a different value. Click 
Apply to apply the changes to the displayed image.  
Apply    Click to apply the New Value for the 
selected raster values or classes to the displayed 
image.  
When a class is recoded, all pixels from the original 
class are changed to the new class value. There will 
be no pixels remaining in the file with the original 
value [14]. 
K. Area Fill 
This dialog allows us to edit the area fill functions 
in a displayed raster layer. This dialog opens when 
we select Raster > Fill... from the Viewer menu bar. 
It also opens when we click the icon on the 
Raster tool palette.  
This dialog varies in options, depending upon 
whether the data file displayed contains continuous 
or thematic data and whether the data contains 
multiple layers or a single layer (for example, 
grayscale).  
Raster editing permanently changes the file  
(when edits are saved) and should be used with 
caution. It does not create a new file. Each 
individual raster editing operation may be undone 
by selecting Undo from the Raster menu before the 
file is saved.  
There are two main types of raster editing: 
continuous or thematic. Continuous raster editing 
operations include focal, filter, value, and 
interpolation methods. These methods are 
recommended for use with continuous raster layers. 
Thematic raster editing operations include recode 
and fill methods. These methods are recommended 
for use with thematic raster layers. Either type of 
raster editing may be used on continuous or 
thematic data depending on the application.  
Continuous Data: Function these options are 
available when the viewer contains true color 
imagery.  
Constant Fill: Function Click to fill the area with a 
constant. If we select the Constant option, we must 
specify the value to use [14].  
IV. RES ULTS  AND DISCUSS ION 
A. Land Use and Cover Type Classification  
According to NATIONAL URBAN 
INFORMATION SYSTEM (NUIS)-TM-10K, A  
Manual for Thematic Mapping the Level I, II, III 
Land use Land Cover classes are detailed below: 
Level – I Classes are as Follows: 
They are Built-up Lands, Agriculture Lands, 
Forestlands, Grazing Land, Wastelands, Wetlands, 
Water bodies and others [6]. 
Level-II Classes are as follows: 
Class Built Up are divided into Built-up (Urban), 
Built-Up (Rural),  
Class Agriculture class are divided into Cropland, 
Fallow land, Plantation / Orchards,  
Class Forest are divided into Dense Forest, Open 
Forest, Plantations, Mangroves, 
Class Grazing land Wastelands class are divided 
into Salt-affected, gullied / Ravenous, Land with / 
without scrub, Barren / Rocky, Sandy area,  
Class Wetlands are divided in to Marshy / Swampy, 
Mudflats, Waterlogged, Salt pans ,  
Class Water bodies are divided into River/Streams, 
Canal, Lakes/ Ponds, Reservoirs, Tanks, Cooling 
Pond / Cooling Reservoir, Abandoned quarries with 
water,  
Class others are divided into Quarry / Brick Kilns, 
Dam / Barrage, Coral reef / Atoll [6]. 
Level-III classes are as follows: 
Class Built-up (Urban) are subdivided into 
Residential, Industrial, Mixed Built Up Areas, 
Recreational, Public and Semipublic, 
Communications, Public Utilities & Facility, 
Commercial, Transportation, Reclaimed land 
Vacant land, Vegetated Area / Trees [6]. 
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TABLE 2. CALCULATED AREAS IN SQUARE METERS 
WITH LULC CLASSES (2011) 
LULC_ID LULC Area in Square 
Meters 
111 Residential 887529.92 
115 Public & Semi-Public 400520.52 
118 Commercial 392702.86 
119 Transportation 379942.4 
1111 Vacant Land 354951.23 
113 Mixed Built-up 79459.68 
114 Recreational 52900.55 
1112 Vegetated Area/Trees 20737.07 
7 Water Bodies 8703.86 
116 Communications 4452.27 
112 Industrial 861.03 
117 Public Utility & 
Facilities 
503.08 
 Total 2583264.47 
 
 
Map 1. Land use Land cover Level 3, map of 
SomajiGuda GHMC Ward, Based on NUIS 
LULC Thematic Mapping Standards 
 
Figure 4. Graph displaying the NUIS Level 3 
LULC in Square Meters with Percentage Cover 
B. Result analysis 
From the above graph and Results it is observe that, 
at this level 3 of classification of the Somajiguda 
Ward of GHMC, Urban Residential Built-up areas 
around 887529.92 Square Meters  constituting to 
34% of the total & remaining LULC Classes, 
Where as Public& Semi Public areas rank 2 is 
around 400520.52 Square Meters which constitutes 
around 16% of the total LULC Classes, these areas 
include Major Educational Institutions  , Major 
Hospitals, Cremat ion & Burial grounds, Social & 
Cultural Centers, Religious Places, Major 
Government Offices, Major Banks, etc. The 
Commercial establishments & Transportation (All 
Roads and Railway Lines) is around 392702.86 
Square Meters & 379942.4 Square Meters 
respectively constituting around 15 %, The 
Commercial establishments  include Retail & 
General Business, Major Shopping Malls, Major 
Hotels, Parking Areas, etc. The Recreational areas 
are around 52900 Square Meters constituting 2 % of 
the Total Urban L3 LULC Classes which included 
parks & Gardens, Golf courses, Major Cinema  
halls, Swimming pools, Playgrounds, etc. All the 
above urban classes also have some portion of the 
vegetation and Trees that are not classified 
separately. 
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